The emergence of oligoclonal bands (OB) has been reported in patients with multiple myeloma (MM) after stem cell transplantation (SCT) or successful chemotherapy. However, their clinical relevance remains unclear. We reviewed the clinical records of MM patients from January 2006 to May 2014. Treatment response was evaluated by International Working Group (IMWG) criteria. Serum immunofixation tests were performed at least every 3 months if the patient achieved more than very good partial response (VGPR). Free light chain (FLC) and minimal residual disease measurement by multicolor flow cytometry (MFC) were performed to evaluate the response to treatment. Among the 163 patients included in the study, 40 developed OB. Detection rates of OB in patients with complete response (CR), VGPR and partial response (PR) or less were 51.8, 36.3 and 0%, respectively. Patients with OB showed better progression-free survival (PFS) and overall survival (OS) rates than those without OB (P = 0.028 and P < 0.001, respectively). However, if the patients were limited to ≥VGPR or CR, development of OB did not affect PFS (P = 0.621 and P = 0.646, respectively) or OS (P = 0.189 and P = 0.766, respectively). OB was observed in 60% of patients after SCT, and in 36.6% of patients with more than VGPR without SCT (P < 0.001). Patients with OB tended to have less minimal residual disease than those without OB (P = 0.054) and its presence may affect the stringent CR criteria. In conclusion, the emergence of OB was seen exclusively in patients with favorable responses, but its emergence per se could not be translated to improved survival.
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M
ultiple myeloma (MM) is characterized by the production of monoclonal immunoglobulin and clonal proliferation of neoplastic plasma cells in bone marrow. According to the criteria defined by the International Myeloma Working Group (IMWG) in 2008, the definition of complete response (CR) in MM requires the absence of the original monoclonal protein in both serum and urine immunofixation electrophoresis (IFE). (1, 2) The emergence of oligoclonal bands (OB) in serum and ⁄ or urine IFE different to those observed at diagnosis (3, 4) has been reported with varying frequencies in patients with stem cell transplantation (SCT) or favorable response to chemotherapy, although its prognostic relevance remains unclear. A recent study showed that the presence of OB resulted in significantly longer progression-free survival (PFS) and overall survival (OS). (5) However, other investigators report that the presence of OB is not correlated with significant differences in overall or event-free survival. (6, 7) Hence, the clinical significance of OB detected by IFE in patients with MM remains unclear.
Here, we retrospectively analyzed clinical records and results of serial serum and ⁄ or urine IFE of 180 patients with MM treated at our hospital to determine the frequency, clinical characteristics and prognostic impact of OB that developed after treatment. We also analyzed the effects of OB on the results of free light chain (FLC) assay, which may affect the stringent CR (sCR) criteria proposed by the IMWG.
Materials and Methods
We retrospectively reviewed the medical records of patients with MM admitted to the Department of Hematology ⁄ Oncology at Kameda Medical Center, Kamogawa, Japan, from January 2006 to May 2014. Diagnosis of myeloma and evaluation of treatment response were performed according to the IMWG criteria.
(1,2) OB was defined as the presence of a serum and ⁄ or urine IFE monoclonal spike that was different from the original myeloma protein in heavy and ⁄ or light chains, as well as a different IFE migration pattern. IFE was performed at least every 3 months after obtaining very good partial response (VGPR) and then until confirmation of disease progression or relapse.
We analyzed minimal residual disease (MRD) of MM plasma cells in the bone marrow of patients in CR by six-color multiparameter flow cytometry (MFC), as described previously. (8, 9) Briefly, erythrocyte lysed marrow samples were incubated with antibodies against CD19-PE, CD38 PE-Cy7, CD138 APC and CD45 APC-Cy7 for 20 min in the dark. The cells were washed and incubated with antibodies against CD19, CD38, CD138 and CD45 for 20 min in the dark. The cells were then fixed, permeabilized and incubated with 10 mL each of Kappa FITC and Lambda PE-Cy5 for 30 min at 4°C. They were then washed and analyzed using Beckman-Coulter software (Kaluza [Beckman Coulter, Fullerton, CA, USA]). Identification of plasma cells requires at least two markers (CD38 and either CD45 or CD138). Neoplastic plasma cells were further identified from normal plasma cells based on differential expression of CD19 and CD45. Patients were considered MRD-36) negative when <50 neoplastic plasma cells were detected by MFC in bone marrow samples at a sensitivity limit of 10
À4
. This retrospective study was approved by the Institutional Review Board of Kameda General Hospital and was performed in accordance with the Declaration of Helsinki.
Statistical analysis. Baseline characteristics were analyzed for significance of differences between two groups by ANOVA or Student's t-test for continuous variables and Fisher's exact test for categorical variables. The results are shown as means AE SD, numbers (%), hazard ratios (HR) and 95% confidence intervals (CI). Data analysis was performed with Stata version 12.1 (Stata, College Station, TX, USA). All statistical test values were two-sided, and P < 0.05 was taken to indicate significance in all analyses.
Results
Characteristics and prevalence of oligoclonal bands. A total of 180 patients with myeloma were identified during the study period and 17 patients were excluded from the analysis due to lack of appropriate follow-up data. Therefore, 163 patients were selected for the analysis. Figure 1 shows representative results of serum protein electrophoresis and IFE in a patient with IgGj MM who developed IgGk and IgM OB. Table 1 lists the patient characteristics and treatments in patients with or without OB. All patients received at least one novel agent, including bortezomib, lenalidomide and ⁄ or thalidomide. A total of 40 patients received high-dose chemotherapy and autologous stem cell transplantation (auto-SCT). Two patients received both auto-SCT and allogeneic SCT.
Among the 163 patients included in the analysis, 40 (24.5%) developed OB during the study period. Although age and male prevalence rate were significantly higher in patients with OB, there were no differences between the two groups in age, International Staging System (ISS) stage, heavy chain class, light chain isotype, and use of immunomodulatory drugs or bortezomib.
Myeloma responses better than VGPR and CR were achieved in 87 (53.3%) and 54 (33.1%) patients, respectively. None of the patients with less than PR developed OB, and OB developed in 36.3% (12 ⁄ 33) and 51.9% (28 ⁄ 54) of the patients with VGPR and CR, respectively. Among the 30 patients that received SCT, 18 (60.0%) developed OB, whereas only 12 of 133 who did not receive SCT developed OB. The emergence At presentation, serum protein electrophoresis (SPE) showed a sharp monoclonal spike corresponding to IgG and j monoclonal band on immunofixation electrophoresis (IFE), which disappeared at complete response (CR). This patient developed a monoclonal spike 5 months after obtaining CR. IFE revealed IgGk and IgM monoclonal bands (arrows 1 and 2, respectively) which were not observed at presentation. rate of OB was significantly higher in patients receiving SCT (P < 0.001).
As the presence of OB may result in an abnormal serum FLCj ⁄ k ratio, we examined the association between FLCj ⁄ k ratio and development of OB in 28 patients who achieved CR. Abnormal FLCj ⁄ k ratio was observed in 10 (35.7%) and 4 (15.3%) patients with and without OB, respectively, among those with CR (P = 0.118). Conversely, OB was detected in 10 of the 14 patients with an abnormal FLC ratio (71.4%) versus 18 of 40 (45.0%) with a normal serum FLC ratio (P = 0.164) among those with CR.
Prognostic implications of oligoclonal band after treatment. Next, we examined the prognostic impact of developing OB. The clinical outcome was compared between patients with and without OB. Figure 2 shows PFS and OS of all cohorts. The median PFS and OS of the patients with or without OB were 79.4 and 19.2 months (P=0.028), and not reached and 41.1 months, respectively. Consistent with previous studies, patients with OB showed better PFS and OS compared to those without OB. These observations indicated that the development of OB is a favorable prognostic factor for survival. However, as shown in Table 1 , the development of OB was closely linked to favorable response, such as CR or VGPR, and, therefore, we compared PFS and OS among patients who achieved CR (Fig. 3) . Median PFS and OS of CR patients with and without OB were not significantly different between the two groups (79.4 vs 80.1 months, respectively, P = 0.646; and not reached and not reached, respectively, P = 0.776). If the patients were analyzed better than VGPR, results were similar with CR patients (data not shown). These observations indicated that OB appeared exclusively in the patients with better than VGPR response; however, there was no correlation between emergence of an oligoclonal band and survival in these patients.
We then analyzed the survival rates of the patients who received SCT according to the presence or absence of OB. With a median observation period of 39.4 months (range: 4.3-99.3 months), the presence of OB was not associated with either PFS or OS (20.0 vs 44.7 months, respectively, P = 0.543; and not reached vs not reached, respectively, P = 0.739) (Fig. 4) . Table 2 shows the characteristics of the 28 patients with CR who developed OB. The number of patients with the original IgG, IgA and Bence-Jones type paraproteins were 8, 11 and 9, respectively. The number of patients with the primary OB (initial OB) of IgGj, IgGk, IgMj and IgMk were 16, 9, 1 and 2, respectively. The patients who developed OB showed a higher rate of abnormal FLCj ⁄ k ratio than those without OB, although the difference was not statistically significant (39.3 vs 15.4%, respectively, P = 0.118).
We also analyzed the association between MRD assessed by multicolor FCM in patients who achieved CR and the development of OB. Although the patients with OB showed slightly lower levels of myeloma cells than those without OB (2.49 9 10 À4 vs 4.15 9 10
À4
, respectively), there was no significant difference between the two groups (P = 0.054) (Fig. 5 ).
Discussion
Development of OB is a well-recognized phenomenon and is observed more frequently in patients after auto-SCT compared with conventional chemotherapy. (3, (10) (11) (12) A recent study also showed that OB developed at a high rate after treatment with novel drugs. (4) However, the frequency of OB varies considerably from 6.6 to 73% in patients receiving SCT. (6, 10, 12) The varied rates may be attributed to a number of factors, including the definition of OB, frequency of immunofixation test, intraobserver inconsistency (13) and agents used for treatment. In addition, despite the number of studies on this issue, there are still controversies regarding the significance and impact on prognosis. Consistent with previous studies, OB was seen exclusively in patients with favorable myeloma responses (better than VGPR), and its development was associated with improved survival, as demonstrated in the present study. However, we also showed that the development of OB per se did not have an additional prognostic impact on either PFS or OS because no prolongation of PFS or OS was observed in the patients who achieved better than VGPR according to the development of OB. This was also confirmed in the patients receiving SCT, the majority of whom (90%) achieved responses better than VGPR. Similar observations were recently made by Zou et al., (14) who found no significant differences in PFS or OS in 55 patients receiving SCT according to the presence or absence of OB. In contrast, Tovar et al. auto-SCT and found that development of OB was significantly associated with longer PFS and OS, although in their study the development of OB was not associated with the prolongation of PFS and OS in the patients undergoing auto-SCT.
As OB was strongly associated with achievement of CR and was a major prognostic factor for longer survival, it is possible that the better survival of patients with OB simply reflects the depth of response. We measured the MRD by FCM in CR patients with or without OB. Although patients with OB tended to have less residual disease than those without OB (Fig. 5) , definitive conclusions could not be drawn from the data.
The mechanism and prognostic impact of the emergence of OB on survival are still largely unknown. It may represent changes in antibody production of the original plasma cell clone or the emergence of a new malignant clone that was hidden at diagnosis. Some investigators consider OB as a manifestation of robust immune reconstitution after high-dose chemotherapy with SCT or effective therapy with novel agents. (5, 12, 15) However, patients receiving maintenance therapy who are assumed to be highly unresponsive to vaccination also developed OB.
Stringent CR was added as a deeper CR criterion in addition to immunofixation-negative CR in the Uniform Response Criteria proposed by IMWG. However, the presence of OB in CR patients may affect the application of sCR criteria. In this regard, Fernandez de Larrea et al. (5) report that OB in MM patients with CR frequently resulted in an abnormal FLCj ⁄ k ratio. In their study, the frequencies of abnormal FLC ratio in patients with and without OB were 72.7 and 26%, respectively. Table 2 reveals that individual patients with OB frequently showed abnormal FLC ratios despite the considerable latency after achieving CR. These observations indicated that 35.7% of patients with OB and 15.4% of patients without OB showed abnormal FLCj ⁄ k ratios. Although the difference between CR patients with and without OB was not statistically significant, its appearance could negatively affect FLCj ⁄ k normalization in CR patients. Therefore, the presence of OB should be considered for the application of sCR criteria.
In conclusion, we showed that the emergence of OB occurred exclusively in patients with favorable myeloma responses (more than VGPR) and was associated with prolonged survival. Patients with OB appeared to have fewer residual myeloma cells compared to those without OB. However, its development did not confer an additional survival benefit among the patients who achieved CR or better than VGPR. In addition, it is possible that the emergence of OB affects the sCR response criteria proposed by the IMWG. 
